Superstructures, groups of weakly coupled cavities fed through a single power coupler, are currently investigated as a more cost effective alternative to the 9-cell TESLA cavities. Two Nb prototypes of the superstructure have been built, consisting of two 7-cell cavities, and installed in the TESLA Test Facility at DESY. The HOM damping of these superstructures has been investigated with a modulated beam using the method described in [I]. A charge modulation imposed on the 54 MHz bunch train excites HOM at frequencies n . fb & fmod, where n is an integer, fb = 54 MHz is the bunch frequency and fm, , d is the charge modulation frequency between 0.5 and 27 MHz. The effects of the excited HOMs on the beam transverse position are observed at a downstream BPM, followed by a direct analysis of the modes at the HOM couplers.
INTRODUCTION

An alternative layout of the TESLA Linear Collider [2],
based on weakly coupled multi-cell superconducting structures (so-called superstructures) reduces cost due to a simplification of the 1.3 GHz RF system. The concept of supersrmctures is discussed in more detail elsewhere [3, 41. Two 2x7-cell superstructures have been installed in the TESLA Test Facility (TTF) linac downstream of the injector. The goal of this test is to proof experimentally the expected performance of superstructures in terms of energy stability, Higher Order Mode (HOM) damping, frequency and field adjustment methods. An overview of the test results is given in [51.' The investigations of the HOMs of the superstructures with modulated beam are presented here. A HOM study on superstructures has been accomplished in combination with two other methods described in [5, 6] 
MEASUREMENT PRINCIPLE
The principle of the experiment [ l ] is to excite HOMs resonantly by modulating the bunch charge of a long train of bunches which travels through the cavities with a transverse offset. The charge modulation generates side-bands around the bunch harmonics n. fb, with n an integer and fb the bunch frequency. A HOM with a frequency f that coincides with one of the side-band frequencies a. f b f fmod will resonate (see Fig. 1 
EXPERIMENTAL SETUP
The TTF injector is based on a laser driven RF gun [9] .
Short W laser pulses illuminate a CsKTe photocathode and produce a train of electron bunches with high peak current. For this experiment, the laser system [IO] was modified to deliver 54 MHz pulse trains with a modulated charge up to 80% in the frequency range between 100 kHz and 27 MHz. The bunch train has a duration of 400 ps with an average beam current of about 2 mA.
The beam position inside the superstructures has been horizontally and vertically displaced using dipole correctors located upstream (see Fig. 2 ). When a HOM is excited, it kicks the beam and the induced bunch-to-bunch oscillations are detected using a re-entrant cavity Beam Position Monitor (BPM) and a stripline BPM located downstream. The difference signal between opposite antennas/electrodes is filtered at the appropriate frequency using a spectrum analyser in zero span mode. During the first 200 ps of charge modulation, the BPM difference signal is dominated by the charge variation itself. For the last 200 ps, the beam current is constant and the amplitude of the signal corresponds to an oscillation in the beam position along the bunch train caused by the deflecting HOM. An example can be seen in Fig. 3 for the modulation fre- tached to each superstructure. The specmm analyser is used again in zero span mode and scanned through the signals of the HOM couplers. All frequencies n . f c f fmod situated in (or close to) the frequency ranges of the first five dipole passbands are scanned. Thus, the mode frequency is identified and the Q value of the resonance is determined from the decay-time of the signal. An example of the signals obtained is given in Fig. 4 . 
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We would like to thank all operators of the TTF linac for their help and their enthusiastic engagement in this experiment. [ Fig. 7 . Two are dipole modes (at approx. 2.573 GHz, marked with larger triangles) and one is a quadrupole mode (at approx. 2.3 GHz, the second'from the left). The decay time of both dipole modes is about 1 ps and they are not seen in the scan of the frequency modulation. The only enhanced and remaining peak isthe quadrupole mode which has a decay time of about 100 ps.
The damping of both dipole modes was confirmed with the decay of output signals from the HOM couplers. The other two expected modes shown in Fig. 7 were not excited due to their low impedance. The search of other high (WQ) modes has been performed in similar way. . .
